The possibility that ferret lung macrophages may be one factor operating in vivo to prevent infection of susceptible alveolar cells (as demonstrated by organ cultures) by both virulent and attenuated strains of influenza virus has been investigated. Phagocytosis of four strains of influenza virus [A/PR/8/34 (HIN1) and clone 64d (attenuated for ferrets) and clones 64c and 7a (virulent for ferrets) of the recombinant virus A/PR/8/34-A/England/939/69 (H3N2)] by ferret alveolar macrophages in vitro showed that all strains, whether virulent or attenuated, attached equally well (72 to 93 ~). Recoveries of virus were similar (17 to 44~) whether phagocytosis occurred at the normal temperature of the ferret (39 °C) or at pyrexial temperatures induced during infection (40 °C for A/PR/8/34 and clone 64d; 41 °C for clones 7a and 64c). Thus, alveolar macrophages probably contribute to the lack of alveolar infection observed in vivo.
Lower respiratory tract (LRT) infection with influenza virus in the ferret is, as in normal healthy adult humans (Mulder & Hers, 1972) , predominantly an airway infection with little or no alveolar involvement (Sweet et al., 1981; Husseini et al., 1983) . Thus, virus isolations from homogenates of tissue dissected from the hilar, intermediate and alveolar zones of the lung lobes [defined on the basis of decreasing amounts of airway epithelium to alveolar tissue (see Sweet et al., 1981) ] 1 to 4 days after intranasal inoculation showed that two virulent strains (clones 7a and 64c), in contrast to two attenuated strains (clone 64d and A/PR/8/34), consistently infected the LRT (Sweet et al., 1981) . However, for all virus strains, the content of the hilar zones of the lung lobes of infected animals was usually higher than in the intermediate zones, while the alveolar zones were frequently free of virus, suggesting that influenza virus replicated mainly in areas where bronchial and bronchiolar epithelium predominated. This view was supported by a quantitative histological study in which lung damage was minimal and localized to the airways (Sweet et al., 1981) . In addition, a quantitative study on ferret lungs infected with the virulent clone 7a using fluorescein-labelled antibody showed that virus antigen was virtually absent from the alveoli and confined to airway, predominantly bronchial, epithelium (Husseini et aL, 1983) .
These observations raised the question of why there is little or no alveolar involvement in ferret influenza even with virulent strains. Organ cultures of alveolar tissue, from which all major airways had been removed, produced similar levels of virus (clone 7a) to cultures of bronchus, trachea and the hilar and intermediate zones of the lung, the latter containing alveolar tissue as well as airway epithelium (Husseini et al., 1983) . Similarly, organ cultures of the intermediate zone of the lung showed that the other three viruses (clones 64c and 64d and A/PR/8/34) were also capable of replicating in this tissue although the attenuated strains (A/PR/8/34 and clone 64<t) replicated less well, especially at elevated temperatures (Matsuyama et al., 1980) . This suggested that factors which prevent virus attack of susceptible alveolar cells may be very important in vivo and one such factor could be ingestion and digestion of virus by the resident lung alveolar macrophages. Here we describe an investigation into whether such macrophages can destroy influenza virus and whether virulent strains (clones 7a and 64c) are as susceptible as attenuated strains (clone 64d and A/PR/8/34). Since the body temperature of ferrets varies from normal (39 °C) to febrile (40 to 41 °C) during the first few days following intranasal inoculation (Matsuyama et al., 1980) , virus-macrophage interactions were studied at 39, 40 and 41 °C.
Clones 7a, 64c and 64d of the recombinant influenza virus A/PR/8/34-A/England/939/69 (H3N2) and the parent virus A/PR/8/34 (H1N1) together with infectivity assays in egg-bits (50% egg-bit infectious dose, EBIDso) and embryonated hens' eggs (50% egg infectious dose, EID5o) have been described (Sweet et al., 1974a, b; Matsuyama et al., 1980) . Ideally the egg assay, the most sensitive indicator of infectious virions, should have been used throughout for comparisons between viruses. However, the numerous samples from phagocytosis experiments necessitated the use of the more convenient and cheaper but less sensitive egg-bit assay. Thus, all titrations were corrected using the ratio of log10 EIDs0/ml to log10 EBIDs0/ml determined on 10 replicate samples titrated in both eggs and egg-bits. This gave correction factors of 1-4, 0-5, 0-6 and 0.8 for A/PR/8/34 and clones 64d, 7a and 64c respectively.
To prepare alveolar macrophages the lungs of uninfected ferrets (one or two per experiment) were lavaged three times in situ (after opening the thorax) with 60 ml of phosphate-buffered saline [Dulbecco's A; PBS(A)], each aliquot being used to inflate the lung twice. Such preparations yielded approximately 1.5 x 107 cells per ferret of which 40 to 65 % were mononuclear phagocytes, 0 to 6 % were polymorphonuclear phagocytes, the remainder being predominantly lymphocytes with the occasional epithelial cell. The cells were collected by centrifugation (1200 g, 15 min, 4 °C) and distributed into glass tubes to give 106 mononuclear phagocytes/tube. After centrifugation excess medium was removed and 0-1 ml of virus (approx. 1 EIDs0/cell) added, the contents mixed and incubated at 39, 40 or 41 °C for 1 h for attachment and phagocytosis to occur. A 0.9 ml amount of HBG [Hanks' balanced salt solution with 0.2 % bovine serum albumin (BSA) and 0-2% glucose] was added, the contents mixed and after centrifugation as above, the supernatant was removed for infectivity assay of unattached virus. The cell deposit was washed once in HBG (I ml), resuspended in 1 ml of neuraminidase solution (0-I unit of neuraminidase [Sigma; activity = 0-05 to 0-20 units/mg protein (NAN-lactose)] in 1 ml of 0-1 M-Tris-acetate buffer containing 1% BSA, 0-001 M-CaCI2 and 0-85% NaC1, pH 7.0) and incubated at 37 °C for 1 h to release attached but non-phagocytosed virus. After centrifugation the supernatant was removed and titrated for infectivity. Finally, the deposited cells were resuspended in 1 ml of HBG and freeze-thawed rapidly three times in liquid nitrogen to release infectious virus from within the cells. Suitable controls were included to determine the amount of viral inactivation by the procedures employed. Controls for the adsorption process consisted of 0.1 ml of virus suspension incubated at 39, 40 or 41 °C for 1 h with the addition of 0-9 ml of HBG before infectivity titrations. These controls produced the figures of virus added in Table 1 . For controls of the elution process 0.1 ml of original virus suspension was incubated at 39, 40 or 41 °C for 1 h as above, 0.9 ml of neuraminidase solution added and further incubated at 37 °C for 1 h before titration to determine the inactivation of virus by neuraminidase. Finally, the freeze-thaw procedure was controlled by incubating 0-1 ml of original virus suspension at 39, 40 or 41 °C for 1 h, followed by a further 1 h incubation at 37 °C and then the suspension was frozen and thawed three times before infectivity assay to determine the degree of inactivation. The three controls were conducted in each experiment and the appropriate corrections made. For all virus strains and temperatures of incubation, control titres varied by -0-27 to + 0.36 loglo EIDso [mean +0-07 (s.E.~. 0-02)] after treatment with neuraminidase and by -0-96 to +0-14 log10 EIDso [mean -0.20 (S.E.M. 0"03)] after freeze-thawing. As described previously for similar experiments with polymorphonuclear phagocytes (Sweet et al., 1977) these experiments were also conducted with ferret red blood cells and additionally with heated (100 °C, 30 s) alveolar mononuclear phagocytes to check on the validity of using neuraminidase to release attached virus.
The differences in virus infectivity of virus suspensions before and after treatment with lung mononuclear phagocytes (Table 1) indicated that 72 to 93 % of virus became associated (attached and/or ingested) with these cells. No large differences in adsorption were observed either between the viruses used or the temperature of phagocytosis. Pooling the data for each virus at the three temperatures showed that there was a tendency for A/PR/8/34 to attach less to phagocytes than did clones 64(t (P < 0-05) and 64c (P < 0.025) but not clone 7a (P > 0.05), indicating the differences were possibly related more to surface antigens (H 1 N1 for A/PR/8/34; H3N2 for clones 7a, 64d and 64c) than differences in virulence. In similar experiments with 12 (4) 15 (4) 27 ( 21 (7) 23 (9) 44 ( 12 (2) 12 (2) 23 ( 14 (5) 11 (2) 25 ( 26 (18) 13 (6) 39 ( (2) 28 (7) 48 ( 36 (4) 10 (4) 45 (7) A/PR/8/34 21 (5) 8 (4) 29 (6) * The titres, determined in egg-bits, have been corrected using the correction factors given in the text; titres have also been corrected for any inactivation of virus which occurred on incubation at 39, 40 or 41 °C, treatment with neuraminidase or freeze-thawing (see text). t Each figure (S.E.M. in parentheses) is the mean of four experiments for clones 7a, 64d and 64c and six experiments for A/PR/8/34 at 39 and 41 °C and two experiments for each virus at 40 °C; each experiment is the mean of three replicate incubated samples.
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ferret red blood cells and killed lung mononuclear phagocytes (data not shown) 51 to 93 % of all four viruses attached to the cells. Recoveries of the virus strains following neuraminidase treatment and freeze-thawing of the experimental macrophages were much lower (17 to 44%) than those from the two controls (85 to 160 %), indicating that lung mononuclear phagocytes were capable of killing influenza virus (Table 1) . Furthermore, there were no large or significant differences in recoveries between the virulent and attenuated strains at any temperature except that significantly more virus was recovered with clone 64d at 41 °C than clone 64c (P < 0.05). Thus, alveolar macrophages were capable of inactivating virulent as well as attenuated strains and the action of the phagocytes was unaffected by temperatures likely to occur in febrile and non-febrile ferret lungs. The level of virus attachment to alveolar macrophages was similar to that seen previously with clones 7a and 64d and ferret polymorphonuclear (PMN) phagocytes (Sweet et al., 1977) . However, recoveries were somewhat higher from alveolar macrophages than PMN phagocytes, suggesting that the former may not be as efficient as PMN phagocytes in inactivating virus. Whether some of the ingested virus is capable of surviving within and replicating in ferret alveolar macrophages is unknown but experiments with mouse'and human alveolar macrophages suggest such infection would be abortive with no release of infectious virus (Wells et al., 1978; Rodgers & Mims, 1981 , 1982a . However, mouse macrophages infected in vitro can act as infectious centres for tissue culture cells and it has been suggested that such macrophages may be capable of spreading the infection in vivo (Rodgers & Mims, 1982b) .
Human alveolar macrophages may differ in this respect (Rodgers & Mims, 1982b) and in ferrets there is a virtual absence of alveolar infection (Husseini et al., 1983) ; thus, ferret and human alveolar macrophages may be more effective than mouse macrophages in preventing alveolar cell attack. Indeed, if ferret alveolar macrophages behave like mouse macrophages their phagocytic activity may be enhanced in vivo by interferon and lymphokines (Rodgers & Mims, 1982 a; Wyde et al., 1982) and they may later become cytotoxic for influenza virus-infected cells (Mak et al., 1982) . This work was supported by the Medical Research Council. We gratefully acknowledge the technical assistance of Mrs L. Harper.
